The time-resolved diffraction signal from a laser-excited solution has three principal components: the solute-only term, the solute-solvent cross term, and the solvent-only term. The last term is very sensitive to the thermodynamic state of the bulk solvent, which may change during a chemical reaction due to energy transfer from light-absorbing solute molecules to the surrounding solvent molecules and the following relaxation to equilibrium with the environment around the scattering volume. The volume expansion coefficient ␣ for a liquid is typically ϳ1 ϫ 10 −3 K −1 , which is about 1000 times greater than for a solid. Hence solvent scattering is a very sensitive on-line thermometer. The decomposition of the scattered x-ray signal has so far been aided by molecular dynamics ͑MD͒ simulations, a method capable of simulating the solvent response as well as the solute term and solute/solvent cross terms for the data analysis. Here we present an experimental procedure, applicable to most hydrogen containing solvents, that directly measures the solvent response to a transient temperature rise. The overtone modes of OH stretching and CH 3 asymmetric stretching in liquid methanol were excited by near-infrared femtosecond laser pulses at 1.5 and 1.7 m and the ensuing hydrodynamics, induced by the transfer of heat from a subset of excited CH 3 OH * to the bulk and the subsequent thermal expansion, were probed by 100 ps x-ray pulses from a synchrotron. The time-resolved data allowed us to extract two key differentials: the change in the solvent diffraction from a temperature change at constant density, seen at a very short time delay ϳ100 ps, and a term from a change in density at constant temperature. The latter term becomes relevant at later times ϳ1 s when the bulk of liquid expands to accommodate its new temperature at ambient pressure. These two terms are the principal building blocks in the hydrodynamic equation of state, and they are needed in a self-consistent reconstruction of the solvent response during a chemical reaction. We compare the experimental solvent terms with those from MD simulations. The use of experimentally determined solvent differentials greatly improved the quality of global fits when applied to the time-resolved data for C 2 H 4 I 2 dissolved in methanol.
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I. INTRODUCTION
Solution-phase chemistry is a very important field of research since the majority of life processes and industrial processes take place in solution. 1 Studying this environment with x rays is ideal since x rays can penetrate bulk samples and hence reveal the elementary principles driving chemical reactions. Recent years have witnessed great advances in time-resolved x-ray diffraction ͑TRXD͒ from laser-excited molecules in liquids. [2] [3] [4] [5] [6] Technological innovations 4, 7 in synchrotron instrumentation and the development of novel data analysis 6 have made it possible to track complex reactions in solution by time-resolved diffraction to temporal and spatial resolutions of 100 ps and 0.001 Å, respectively. For instance, the photodissociation reaction of C 2 H 4 I 2 in methanol was recently investigated by this technique and the data analysis revealed a rather complex reaction pathway comprising a bridged C 2 H 4 I radical, a linear isomer C 2 H 4 I-I, and the end product C 2 H 4 +I 2 . 6 Moreover with TRXD, the properties and structures of elemental liquids can be studied too. 6, 8 Compared with the gas phase, the solution phase is experimentally more challenging due to the presence of a large number of solvent molecules around the solute molecule of interest. Whereas the diffraction signal in the gas phase comes only from isolated ͑noninteracting͒ molecules ͑solutes͒, 9 the diffraction signal in solution is the ͑incoher-ent͒ sum of the solute-only term, the solute-solvent cross term, and the solvent-only term. The last term is related to the change in the diffraction intensity caused by temperature and density changes in the bulk solvent, which are caused by energy transfer from the light-absorbing solute molecule to surrounding solvent molecules. Due to this complexity, fingerprinting of the molecules in action would not be possible were it not aided by the theory. Molecular dynamics ͑MD͒ simulation can simulate statistical atom-atom correlation functions g ␣␤ ͑r͒ for a solution. 10, 11 These simulations are indispensable for disentangling the different contributions in the scattering patterns, and they have proved quite accurate in reproducing measured signals. However, numerous factors influence the accuracy of these simulations. First of all, theoretical potentials define trajectories on which molecules evolve; hence the structure determination may depend on the type of potential used. Certain force fields are difficult to model efficiently: the most well-known example is the force field associated with hydrogen bonds ͑methanol, water, etc.͒. The simulations are run on a finite ensemble of molecules, which define the simulation box size, thus putting a constraint on the lowest q and on the real space analysis. For these reasons, it is desirable to obtain the solvent-only term experimentally. Armed with experimental solvent differentials, one can, in principle, subtract the solvent contribution and deduce the structure of the caged solutes during the reaction.
We noticed recently that these terms, in many solvents, can be measured directly and here we report on a direct determination of the experimental solvent differentials by time-resolved x-ray diffraction on a pure solvent ͑methanol͒ heated by 100 fs pulses of near-infrared ͑IR͒ radiation. The key idea is that the near-IR pulses excite overtones of O-H and CH 3 vibrations in liquid methanol, and in doing so, they deposit heat without inducing any chemical change. It can be shown that for neat liquids, the time needed to reach a uniform temperature in a typical experiment is smaller than 100 ps ͑see later͒. This fact justifies the use of hydrodynamics equations for time delays larger than 100 ps; these equations show that at early time delays, the volume and the density of the solvent do not change, and consequently only the effective temperature ͑and pressure͒ of the solvent rises. 12 The laser-induced change is obtained by subtracting the nonexcited scattering, measured at a negative time delay, from the scattering at a very short time delay ϳ100 ps. This gives the change in the diffraction intensity due to a temperature change at constant density, ͑‫ץ‬S / ‫ץ‬T͒ , where S stands for the diffraction intensity, T the temperature, and the density. 10 At later time delays, pressure relaxation, being faster than the thermal one, drives the system into a configuration of a hot solvent at ambient pressure, i.e., thermal expansion. The difference between the diffracted intensity at a late time delay yields the constant pressure term, ͑‫ץ‬S / ‫ץ‬T͒ P , where P stands for the pressure. By combining the two terms ͓͑‫ץ‬S / ‫ץ‬T͒ and ͑‫ץ‬S / ‫ץ‬T͒ P ͔, one can get the principal differentials ͑‫ץ‬S / ‫ץ‬T͒ and ͑‫ץ‬S / ‫͒ץ‬ T ͑see later͒.
Subsequently, these experimental methanol differentials were applied to our analysis of the dissociation of C 2 H 4 I 2 in methanol. Compared to our previous fits with MD solvent differentials, the new fits noticeably improve the comparison between experiment and theory, especially at low q in q space and everywhere in r space.
We explain the experimental details in Sec. II. In Sec. III, we present the steps in the data reduction and discuss how to obtain the experimental differentials. The fits with the old ͑MD͒ components and with new experimental components are also compared in Sec. III.
II. EXPERIMENT
The tunable femtosecond laser on beamline ID09B at the European Synchrotron Radiation Facility ͑ESRF͒ was used to generate 100 fs near-IR ͑NIR͒ radiation. The system is based on a Ti:sapphire oscillator ͑MIRA from Coherent͒, the output of which was amplified in a chirped pulse amplifier ͑CPA͒, the Hurricane from Spectra Physics, operating at a frequency of 986.2 Hz, and the 360th subharmonic of the orbit frequency of an electron bunch in the synchrotron. The 800 nm output from the Hurricane seeds an optical parametric amplifier, the Topas from Light Conversion, in which it is down converted into two NIR pulses: the 1500 nm ͑signal͒ and the 1700 nm ͑idler͒. The signal at 1500 nm corresponds to the first overtone of OH stretching whose fundamental is at ϳ3337 cm −1 and the idler at 1700 nm to the first overtone of the CH 3 asymmetric stretching mode whose fundamental is at ϳ2934 cm −1 . 13 The pulse duration is estimated to be 100 fs, and the total generated infrared energy was 100 J at the sample. The signal and idler were cross polarized with each in a power ratio of 1:1. The beams were focused to a 100 m diameter spot ͓full width at half maximum ͑FWHM͔͒. The estimated absorbed heat ͑ϳ9 J / pulse͒ due to the infrared absorption in methanol is comparable to that released to methanol during the chemical reactions we have studied so far ͑10-20 J / pulse͒ in TRXD experiments. 2, 5, 6 As an example, the absorption spectrum of a 1 mM solution of C 2 H 4 I 2 in methanol is shown in Fig. 1 over the range from UV to near IR. It is clear that the optical density for the solute at 267 nm is comparable to that for the solvent at 1500 and 1700 nm.
Polychromatic x-ray pulses of ϳ100 ps duration and ϳ5 ϫ 10 8 photons per pulse were delivered by the U17 invacuum undulator. The x-ray spectrum was peaked at 18.2 keV and had a bandwidth of 0.45 keV ͑2.5% bandwidth͒. A high-speed chopper ͑Julich͒ spinning at the same frequency as the laser was used to select single pulses of x rays from the 16-bunch mode at the ESRF, where the x-ray pulses are separated by 176 ns. The x-ray beam was focused by a toroidal mirror to a spot size of 0.1ϫ 0.05 mm 2 at the sample. The scattered x-ray signal was recorded on a 133 mm diameter fiber-coupled MarCCD at well defined time delays relative to the excitation pulse. The time delay between the two pulses was controlled electronically to an accuracy limited by electronic jitter, less than 3 ps ͑rms͒. At longer times, however, the decay in the bunch charge circulating in the synchrotron ring led to a systematic shift, which was measured to change by about −1.5 ps for a decay in synchrotron current of 10 mA. As the current in 16-bunch mode decays from 90 to 60 mA during a fill, the bunch arrives 4.5 ps earlier at the end of a fill, which is negligible compared to the 100 ps pulse length.
Concerning the sample cell system, two different setups were used: a capillary-based system and an open-jet one. In the first system, methanol was circulated through a quartz capillary ͑0.3 mm diameter͒ to provide a stable flow. In the open-jet system, the capillary was removed and a stable jet was produced by a high-pressure slit nozzle ͑slit, 0.3 mm, Kyburz͒ at a speed ensuring the refreshment of probe volume for every laser pulse. The open-jet system has the advantage over the capillary system that the scattering from the capillary materials is absent, which reduces the background substantially and increases the signal to noise ratio. The lower background also increases the accuracy of the normalization process ͑this is discussed in Secs. III C and III D͒. The sample was purchased from Merck and used without further purification. Time-resolved data on C 2 H 4 I 2 dissolved in methanol were taken from previous experiments 6 and reanalyzed.
Since the ͑‫ץ‬S / ‫ץ‬T͒ P term for pure methanol is necessary for a proper absolute scaling of the experimental differentials obtained from the NIR experiment, a series of separate measurements were conducted on pure methanol as follows. A monochromatic x-ray beam at 26 keV was sent through liquid methanol contained in a sample cell designed for stable temperature control. The diffraction data were taken at four different temperatures: 15.0, 17.5, 20.0, and 22.5°C.
III. RESULTS AND DISCUSSION

A. Data collection
The data were collected by exposing the charge-coupled device ͑CCD͒ for 12 s and, given the 1 kHz repetition rate of the laser/x-ray beam, the camera received 12 000 x-ray pulses per image. The pixels in a single image received between 3500 and 25 000 photons ͑for the maximum scattering angle and the liquid peak, respectively͒. The images were collected in pairs, with and without laser, for all time delays. This data collection cycle was repeated 100 times, which typically took 4.5 h.
After collection the images were radially integrated using FIT2D.
14 The one dimensional radial curves were then corrected for absorption in the phosphor screen in the CCD ͑conversion of x-ray photons to visible light photons͒. Without this correction, the signal amplitudes at high angles would have been artificially strong; the x rays are more efficiently converted to signal at high angles as the optical path in the phosphor scales as 1 / cos͑2͒ for a flat screen, where 2 is the scattering angle. Due to the low absorption of methanol at 18 keV, no correction for the angular dependent x-ray absorption was made.
B. Normalization of the diffraction patterns
The laser-induced changes are small ͑⌬S / S Ͻ 0.2% ͒ and in order to visualize them, the experimental data are pre-FIG. 1. Absorption spectrum of C 2 H 4 I 2 dissolved in methanol ͑1 mM͒ in the range from UV to NIR. The optical density for the solute at 267 nm is comparable to that for the solvent at 1500 and 1700 nm.
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Impulsive solvent heating J. Chem. Phys. 124, 124504 ͑2006͒ sented as radial difference curves, generated by subtracting laser-on from laser-off images. Given the weak laser-induced change in the total scattering, the images are subject to judicious normalization prior to subtraction. Firstly, we scale the exposure time to compensate for the decrease in intensity of the incoming x-ray beam, due to the decaying bunch charge of the electrons circulating in the synchrotron ring. This ensures that equivalent images are exposed to the same level, which reduces the effect from nonlinear response in the CCD detector. Secondly, the fast transfer of heat from excited molecules to the bulk forces the solution to expand. The expansion takes place on a time scale determined by the time it takes sound waves to traverse the laser illuminated volume.
In fast reactions and with current beam sizes ϳ100 m, the expansion happens between 10 and 100 ns. 10 This means that the number of molecules is generally different in laser-off and laser-on images. To correct for these effects, we use the recorded image itself as a monitor of the incoming x-ray intensity and the density of scattering centers ͑atoms͒. Specifically, we use a small interval around an isobestic point q 0 in the high-q part of the spectrum as the normalization range. The radial intensity is then divided by the integral count in this interval. The definition of an isobestic point is that the intensity at that particular q value is constant regardless of time delay. An initial candidate q 0 can be located from theoretical difference curves and further refined using a simple iterative procedure. Starting with a relatively broad interval around the initial q 0 ͑q 0 Ͼ 7 Å −1 , ⌬q ϳ 1.5 Å −1 ͒, the procedure checks for nodal points in the difference curves in the chosen range around q 0 ; the procedure is reiterated by changing the central point q 0 until the nodal point q 0 is well defined, i.e., until q 0 becomes an isobestic point. Usually, after two to three repetitions q 0 converges to a value within 0.02 Å −1 spread, and it becomes insensitive to the normalization interval ͑typical value used ϳ0.6 Å −1 ͒. Changing q 0 by 0.02-0.05 Å −1 around the optimal value does not change the difference maps appreciably. In the reported experiment no significant dependence of q 0 with the time delay has been noticed.
C. Subtraction routine and generating difference maps
After having normalized the radial curves, the associated curves are subtracted to give difference curves. Due to the presence of background scattering, i.e., air and capillary when used, direct subtraction introduces spurious effects. In fact, with the density of the solution being time dependent ͓i.e., for time delays beyond 10 ns ͑Refs. 5 and 11͔͒, the ratio of scattered intensity from the sample and the background becomes time dependent. In a typical experiment, the relative density change is ϳ0.3%. This effect is readily corrected under the assumption that the total scattering is a sum of sample and background scattering and that the density change is known. The first assumption implies that the background scattering can be measured reliably by simply removing the sample ͑leaving the empty capillary, when used͒. As far as the density change is concerned, an iterative procedure will provide the right value as follows. In the first step, this correction is neglected and ⌬ is estimated using the real space Fourier transform of the data, scaled to absolute units ͑see below͒, in the r → 0 limit. 10 This ⌬ is an initial value in Eq. ͑1͒, the output of which generates a corrected difference curve ⌬S S ͑derivation in Appendix A͒:
where ␣ is the fractional intensity from the background at q 0 , ␤ =1+⌬ / , ⌬S M is the uncorrected difference curve, S sample off is the scattering intensity of the solution alone without laser, and S back is the background scattering. Three or four reiterations of the procedure are enough to yield a satisfactory result. Figure 2 shows the effect of the correction for the timeresolved data on pure methanol and C 2 H 4 I 2 /methanol at the time delay of 1 s. At 100 ps, the density change is negligible, and therefore the corrected one equals to the uncorrected signal ͑not shown͒. However, a significant improvement is evident for 1 s, where the density change was significant. The correction factor for the C 2 H 4 I 2 /methanol data is higher than that of pure methanol because the density change in the former is larger. To our knowledge, this correction for the laser-induced density change has not yet been discussed in the context of pump-probe experiments in general. This is probably be- cause in the vast majority of optical pump-probe measurements the investigated time delays are at most within a few nanoseconds from time zero where the thermal expansion is not active yet and the solute concentrations are very small ͑micromolar͒, thereby ⌬ / being minute, of the order of 10 −5 -10 −4 . This estimation is based on the formula ͑deriva-tion in Appendix B͒
where ␣ P is the ͑volume͒ expansion coefficient at constant pressure, f is the fraction of photon absorbing molecules in the solution, h is Planck's constant, is the frequency of the optical pump, and C P is the specific heat per molecule. The real space difference maps are obtained by Fourier transforming the data. The detailed description can be found in a previous publication. 6 The nature of the difference maps in the TRXD measurements is such that a weak photoinduced signal has to be extracted from a large background. To obtain reliable difference maps various routines were tried, and the merit of each was checked against the reproducibility of difference maps. This can be quantified by considering the standard deviation for every q data point collected. The collection of laser-off and laser-on images, alternately, served to eliminate possible drifts in the experiment ͑temperature of the solution, beamline, etc.͒. Moreover, we found that the best results are obtained by using as the laser-off image the average between two such laser-off images recorded before and after the recording of a given laser-on image. Averaging 10-100 difference maps per time delay gives a good estimation of the error bars for every q, from the standard deviation from the mean value. The error bars thus obtained account only for statistical noise and not systematic errors. Very often the result in reciprocal space is not intuitive, and for this reason the experimental result is transformed to real space where the changes are more readily interpretable. An inherent drawback of this approach is that the Fourier transform acts as a "high frequency filter," thus artificially smoothes out the noise from photon statistics in q space. Yet, it is essential to estimate the error bars in real space. We propose the same procedure as the one just described for the q-space data: taking the Fourier transform ͑FT͒ of every single difference map and then averaging all the maps, which defines a meaningful standard deviation.
D. Methanol hydrodynamics
In this section we describe the theory-founding features of the temporal behavior of the solvent when impulsively heated with NIR radiation. In general, the temporal evolution of the solvent response can be described as a linear combination of two components pertaining to the photoinduced change in two independent thermodynamical parameters, arbitrarily chosen amongst density, temperature, and pressure. In Fig. 3 we show the methanol response measured for three time delays. It can be shown by solving the hydrodynamic equations 15 that for time delays sufficiently short t Ͻ L = L / c, where L is the so-called Longaker-Litvak time, L is laser beam size and c the speed of sound in the liquid, the solvent is heated at constant volume. In the present experiment, c = 1143 m / s and L ϳ 50 m, which leads to L ϳ 44 ns. On longer time scales, 10-100 ns, the pressure relaxes, causing expansion of the solvent. The solvent, at any time, can be fully described by two hydrodynamic variables ͑for example, temperature T and density ͒:
The presence of only two components in the solvent response has been verified using the singular value decomposition ͑SVD͒ method, 16 which showed only two significant singular vectors. The SVD analysis showed unequivocally the reliability of the data and the data reduction routines. The NIR experiment on the pure solvent has the advantage over the UV-visible experiment that it does not generate any photochemistry on times relevant to the temporal resolution of the TRXD technique ͑ϳ100 ps͒. After extremely fast vibrational cooling of methanol, well below 10 ps, the response of the solvent is entirely due to hydrodynamics. Therefore, it is relatively easy to determine the derivatives in Eq. ͑3͒, by measuring the response at two time delays only. For this reason we collected, with greatly enhanced statistics, diffraction patters at 100 ps and 1 s. The 100 ps data are essentially ͑‫ץ‬S / ‫ץ‬T͒ multiplied by the temperature rise at this early stage of heating at constant volume, hence the second term contributing net zero. At 1 s the liquid returns to ambient pressure. Therefore, the 1 s data equal ͑‫ץ‬S / ‫ץ‬T͒ P multiplied by the temperature rise at 1 s. As shown in Fig. 4͑a͒ , the temperature rise at 1 s was estimated to be 1.50 K by scaling the 1 s data to ͑‫ץ‬S / ‫ץ‬T͒ P determined experimentally from a series of static measurements at various temperatures. At 1 s, the solvent is still hot, yet its temperature has lowered from the temperature at 100 ps by the ratio C V / C P due to expansion. Therefore, the temperature rise at 100 ps is 1.76 K and the experimental ͑‫ץ‬S / ‫ץ‬T͒ can be obtained by dividing 100 ps data by this number. ⌬ at 1 s can be calculated to be − 
Then the experimental ͑‫ץ‬S / ‫͒ץ‬ T is obtained from Eq. ͑4͒. Figure 4͑b͒ shows the experimental derivatives for methanol obtained through these procedures. The concentration of the methanol molecules that absorb the NIR and contribute to the heating was estimated to 40 mM by considering the temperature change. As the concentration of pure methanol at ambient conditions is 24.7 M, this corresponds to exciting 1 out of 618 molecules. The total energy deposited to the irradiated volume is estimated to be ϳ9 J / pulse by considering the total volume exposed to the NIR laser pulse.
The validity of classical hydrodynamics assumes a homogeneous and isotropic sample, thus it is important to estimate the time it takes to smooth out the memory of time zero, which can be described as a collection of hot points in the liquid. To estimate this thermalization time, we note that the average distance between excited methanol molecules, at the observed 40 mM concentration, is 21.5 Å if the volume per excited solute is approximated by a sphere. Following the classical thermal diffusion theory developed by Landau and Lifshitz, a hot point in a liquid cools down in time and space following the equation
Here is the thermometric conductivity and the thermal conductivity. Note that the space dependence is contained in the exponential and that the position of the midpoint in the space distribution moves as r 50% ͑t͒ = 2 ln 2 ͱ t.
͑7͒
The parameters for methanol are = 791 kg/ m 3 , C V = 2151 J/K/kg, = 0.21 J/s/m/K, and = 1.2345 ϫ 10 −7 m 2 / s. From Eq. ͑7͒, we deduce that it takes 13.5 ps, on average, for two neighboring spherical thermal waves to meet, which is the criteria for local thermal homogeneity. As the scattering data presented here are ensemble averaged by our 100 ps long x-ray pulse, it is justified to use classical hydrodynamics in this work. In future experiments with pulsed x-ray lasers ͑XFEL͒ with 100 fs x-ray pulses, the earliest time delays will show the signature from the cooling of hot points.
E. Application of experimental solvent differentials
The experimental solvent differentials were applied to the time-resolved data on C 2 H 4 I 2 dissolved in methanol. 6 In Figs. 5 and 6 we demonstrate the extent to which the data analysis of a complex chemical reaction in methanol solution can be improved by applying the measured solvent response. As expected, the most pronounced effect of experimentally resolved hydrodynamics is seen at low q for data at late time delays after 30 ns, as shown in Fig. 5 . This discrepancy is present over the entire r range in Fig. 6 , where the improvement is more striking. The total 2 of the least-squares fit is reduced by 30% when MD solvent terms are replaced with the experimental ones. The fit parameters of the global analysis are compared in Table I . We note that the overall kinetics and conclusions regarding the structural dynamics have not changed although the quality of the fits is significantly improved. Since we used the experimental differentials obtained from the NIR experiment as the solvent response terms, it is important to scale these terms correctly. To see the effect of wrong scaling, we have fitted our data with the solvent terms with incorrect scaling. It turned out that a wrong scaling affects only the fraction of the rapidly cooled molecules, which again affect the magnitude of the final temperature rise and density drop. The overall kinetics was not affected. The time-dependent changes in the solute concentration, solvent density, and solvent temperature are shown in Fig. 7 . The total energy deposited to the solution by a laser pulse is estimated to be ϳ12 J / pulse by considering the concentration of the excited molecules and the volume irradiated by the laser pulse. The improved fits add higher fidelity to our previous conclusions on the complex reaction pathway consisting of a bridged C 2 H 4 I radical, a C 2 H 4 I-I isomer, and finally C 2 H 4 +I 2 products. 
IV. CONCLUSIONS
We have demonstrated the use of time-resolved x-ray diffraction to study transient heating and the ensuing hydrodynamics of a common solvent. NIR femtosecond pulses were used to excite the overtones of OH stretching and CH 3 asymmetric stretching modes in liquid methanol, and picosecond x-ray pulses from a synchrotron were utilized to probe the heat-induced dynamics of methanol. Time-resolved data on pure methanol excited by infrared light allowed us to derive the responsive change in the diffracted intensity from the solvent due to a temperature change at constant density and due to a density change at constant temperature. These two terms are the hydrodynamic building blocks for global analysis of excited solutes dissolved in methanol. The use of these experimentally determined solvent differential terms greatly improved the quality of global fits when applied to the time-resolved data for C 2 H 4 I 2 in methanol. The experimental technique has now matured to tackle relatively complex chemical reactions in solution and now opens new possibilities for selective studies of either solvent hydrodynamics or chemistry of photoactive molecules. The ability to discriminate between different reaction channels is greatly enhanced by treating the solvent response with experimental solvent differentials.
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where S T is the total scattering intensity, S sample is the scattering due to the sample alone normalized for the number of molecules ͑N off and N on ͒ in the x-ray scattering volume, and S back is that due to background of various kinds ͑air, windows, beam-stop, etc.͒. This assumption is not trivial since we assume that S back can be measured simply by empting the capillary ͑in a capillary-based setup͒ or switching off the liquid jet. The factor ␥ is to account for the fact that the incoming x-ray flux cannot be assured constant at all times. Denoting q 0 the scattering vector at which we normalize the data and defining 
͑A9͒
We note that the factor ␥ cancels out in this relation. Typical parameters are ␤ ജ 0.997 ͑depending on the time delay͒ and ␣ Ϸ 0.5-1.5.
APPENDIX B: ESTIMATION OF THE DENSITY CHANGE IN EQ. "2…
The energy absorbed by the sample ͑Q͒ in the laser illuminated volume V is
where N abs is the number of molecule that can absorb the pump light, f is the fraction of molecules that have absorbed light, and h is the energy of the pump photon. For time delays shorter than 1 ms it can be shown 10,11 that the energy inside V is conserved. This means that once the pressure is relaxed ͑t Ͼ 100 ns͒ the following relation is valid:
where N solv is the number of solvent molecule inside V, C p is the specific heat at constant pressure per molecule, and ⌬T the temperature jump. Substituting Eq. ͑B1͒ in Eq. ͑B2͒ leads to Moreover, by definition of the expansion coefficient at constant pressure,
we have that ⌬ = ␣ P ⌬T ͑B5͒
and finally
For pure solvent measurements, N abs = N solv . Hence Eq. ͑B6͒ simplifies to
